Objectives: To determine age-specific prevalence of than females in the young age group, however, the prevalence rates are comparable in the older age hypertension and blood pressure (BP) levels in relation to diet and lifestyle factors in North Indians.
Introduction
(Ͼ160/95 mm Hg) 10 is higher in urban than rural One epidemiologic study 1 involving 52 centres in 32 populations and is more common in South Indians countries assessed the role of obesity, alcohol and than other Indians. [9] [10] [11] [12] [13] There is scant evidence in mineral intake in determining the progressive rise India on various subtypes of hypertension and its in blood pressure (BP) with age in most countries. prevalence, 9 based on new criteria of World Health While salt consumption showed only weak but sigOrganization/International Society of Hypertension nificant effect, high body mass index (BMI) and alco-(WHO/ISH) guidelines. 14 These guidelines classify hol intake had strong independent effects on BP.
hypertension as BP values Ͼ140 mm Hg for systolic Increased intake of dietary fat and a sedentary lifeand Ͼ90 mm Hg for diastolic, subclassification of style may have an independent effect in promoting hypertension into isolated systolic hypertension obesity as well as hypertension, and a reduction in (borderline and definite isolated diastolic hypertendietary fat intake and physical training can modusion and definite or established hypertension have late these risk factors.
2 In Indians, 3-5 central obesity also been suggested. 15 in association with insulin resistance were strong Most studies of hypertension in India 6-8,11-13 and predictors of hypertension, diabetes and coronary other developing countries have used WHO diagnosartery disease. Diabetes mellitus, smoking, illiteracy tic criteria (Ͻ160/95 mm Hg) and these studies did as well as low and high socioeconomic status have not report the prevalence rate of various subtypes also been described as risk factors of hypertension. [5] [6] [7] [8] of hypertension. The prevalence of hypertension by Previous studies from India reported that the prevanew WHO/ISH criteria is not known in North India and very little information is available on determinants of hypertension. In the present study, we 
Materials and methods
of a pre-tested and validated 13 questionnaire by the dietitians and a physician to obtain detailed inforThe geographical area of this study was Moradabad city in northern India. The sampling frame consisted mation on dietary intakes, age, socioeconomic status and past and family history of hypertension, diaof the final population total of Moradabad city which is roughly 0.43 million given by a census 16 betes, hypercholesterolaemia, alcohol intake, physical activity, and smoking. Details of education and of India in 1991. The city has 40 wards which are subdivided into 196 streets or Mohallas. After occupation were also obtained. Number of years of education was calculated from the highest class achexcluding 16 suburban streets out of the 180 remaining, 20 were randomly selected by the persons ieved in school or college. The socioeconomic status of the family was based on household educational unconnected with the study by blindly selecting 20 cards, each enclosed in a sealed envelope, from a status, land-holding, housing condition, ownership of consumer durables and occupational income of stack containing cards marked 1-180 sealed in 180 envelopes. Each street contained 6-12 blocks.
all the family members and number of dependents. The socioeconomic status was classified into 1-5 social classes based on other studies. 10, 12 Per capita Sample size income was calculated by finding out the total income of the family divided by the total number of Assuming from other studies, 13 that the prevalence of hypertension is at least 5% in the community, we family members. Dietary intakes were obtained by a 7-day food intake record of all individuals in the would need a sample of 1500 subjects to estimate with 90% confidence to detect at 5% significance a household throughout the year by using food measures, food models and food portions. 5 A cross-check relative risk of 1.54 for prevalent hypertension in India. This calculation is based on the assumption validated questionnaire 5 was completed based on diet records. The questionnaire was designed to ask that the subjects have been selected by a simple random sampling. Since all subjects were not expected probing questions to assess actual intake mentioned in the records and to assess previous pattern of food to respond to our call and we wanted to include only adults above 25 years of age, we proposed to intake, if the diet was changed. All subjects were asked to fill in all food items taken at meals and select 2000 subjects. Thus with a sample of 2000 persons, we would be able to estimate the prevabetween meals around the time of eating. Detailed instructions were given to all the subjects to mainlence to within a 2% error on either side which was deemed satisfactory as a first estimate.
tain diet record diaries and how to estimate portion sizes. Fruit, vegetable and legume intake were weighed by all the subjects before recording to find Study design out more accurate information. Salt intake was assessed with the help of salt measures used to take We considered each block containing 50-100 households as a cluster. Of 20 streets randomly selected, salt to mix in the food during cooking and additional salt added during eating. Salt intake in India varies two blocks or clusters were randomly selected from each street, and from each block, 40-100 subjects between 5-20 g/day 17 in both rural and urban subjects. Excess intake of salt was considered if it was were randomly selected as described above to obtain 2000 subjects between 25-64 years of age for this Ͼ6 g/day.
The criteria of diagnosis of risk factors and of study. The addresses of these subjects were obtained for correspondence from the electoral registers of the hypertension were based on those of WHO/ISH guidelines. 14 Figures for old WHO criteria 10 were corporation of Moradabad City. The head of each family was personally contacted by our health also obtained (Ͼ160/95 mm Hg). Essential hypertension was diagnosed if systolic BP (SBP) Ͼ140 worker and a local volunteer, or preferably, a local doctor. When the random number fell on an individmm Hg or diastolic BP (DBP) Ͼ90 mm Hg or both (WHO/ISH). Normal BP was defined as SBP Ͻ140 ual below 25 years of age, the next person in the list was chosen for this study. We successfully conmm Hg and DBP Ͻ90 mm Hg, subjects taking antihypertensive treatment were considered to have tacted 2222 subjects above 25 years of age of which 220 (9.9%) subjects chose not to participate in the definite hypertension. 1 Individuals were then subclassified in accord with Framingham study guidestudy because they did not like to meet us for a complete examination. Of the remaining 2002 subjects, lines. Borderline isolated systolic hypertension was defined as SBP 140-159 mm Hg and DBP Ͻ90 1806 (904 males and 902 females) between 25-64 years of age were selected for this study.
mm Hg. Definite isolated systolic hypertension was defined as SBP Ͻ160 mm Hg and DBP Ͼ90 mm Hg. The survey was voluntary and subjects were assured for providing free health education and to Isolated diastolic hypertension was defined as DBP Ͼ90 mm Hg and SBP Ͻ160 mm Hg. Definite hypermaintain secrecy of any illness. The survey team consisting of dietitians, health workers, research feltension was defined as SBP Ͼ160 mm Hg and DBP Ͼ90 mm Hg. Central obesity was considered if waist: lows and a physician were trained and briefed regarding the details of questionnaires before starthip ratio Ͼ0.85 units in females and Ͼ0.88 units in males. 15 Alcohol intake was considered when the ing the survey. At least three calls were made before person drank at least 30 ml whisky or more than a salt intake, dietary fat intake, family history, socioeconomic status, and years of education were taken glass of beer more than once a week. Diabetes mellitus was diagnosed by a record of treatment or a as independent variables. Smoking and sedentary lifestyle variables were dichotomised and the positive glucose tolerance test showing fasting blood glucose Ͼ140 mg/dl and postprandial blood gluremaining taken as continuous variables. P values Ͻ0.05 and two-tailed t-test were considered significose, 2 h after 75 g oral glucose, 200 mg/dl. In India tobacco is consumed in various forms such as cigacant. rettes, bidi, Indian pipes, raw tobacco and chewing tobacco and people use tobacco in more than one Results form. We therefore categorised users of any form of tobacco smoker in accordance with other studies. 7, 13 We studied 1806 subjects (904 male and 902 female) between 25-64 years, inclusive, from North India. Physical activity was measured by occupational 17 and spare time activities 18 following well defined The age and sex distribution of the sample were comparable with the age and sex ratio in the popucriteria in which the classification of a sedentary person was one who walks Ͻ9 miles/week, climbs lation of Uttar Pradesh. Table 1 shows the age-specific prevalence of Ͻ20 flights of stairs/week or engages in no moderately vigorous sports at least 5 days a week. Energy hypertension. The overall prevalence of hypertension using the WHO/ISH criteria was 25% in males cost of activities were calculated from the tables for each activity. [17] [18] [19] and 22.3% in females. There was an age-dependent increase in the prevalence of hypertension in both sexes with a lower prevalence in younger age groups Data collection and a higher prevalence in older subjects (MantelHaenzel 2 trend 212.6 for males, 176.6 for females, Clinical data and drug intake were recorded in all the subjects. BPs (systolic and diastolic phase V of P Ͻ 0.001). When classified according to WHO criteria (Ͼ160/95 mm Hg), the prevalence rate of Korotkoff) were measured in the right arm after a 5-min rest in a comfortable sitting position, by a single hypertension was approximately half the rate according to WHO/ISH criteria (Ͼ140/90 mm Hg) in mercury sphygmomanometer and by the same physician. In those patients with suspected hypertension both males (25.0% vs 13.8%) and females (22.3% vs 12.9%). Only 50 patients (32 males and 18 females) during a routine survey, BPs were recorded in the supine position for confirmation of diagnosis. Three were known hypertensives and of these two-thirds were taking regular treatment (Table 1) . Table 2 measurements were taken 10 min apart to represent systolic and diastolic BP, and the mean of the last shows the prevalence of hypertension according to the Framingham study classification of the two readings were used for analysis to represent actual systolic and diastolic BP. By taking three rec-WHO/ISH hypertensives. Isolated diastolic hypertension was more common in males than females, ordings and using only the last two, we eliminated to a large extent the likely higher recording and respectively (47.3% vs 40.6%). The mean systolic and diastolic BPs as given in higher rate of hypertension as a result of apprehension or anxiety. Body weights were measured by the Table 3 were significantly associated with age in both sexes. The age-specific BP was slightly higher health workers independently in light under-clothes to the nearest 0.5 kg. Waist and hip girths were meain males compared to female subjects. Regression analysis of BP and age group showed a significant sured in a standing position. Waist was measured as the smallest horizontal girth between the costal increase in BP with each decade of age in both males and females. For men, the regression coefficient and margin and the iliac crests and hip as the greatest circumference at the level of greater trochanters.
95% confidence interval for SBP was 5.08 (4.38-5.85), and for DBP 3.42 (2.15-4.10). For females SBP Thigh girth was measured as the maximum girth around the upper thigh with the right foot resting values were 5.04 (4.62-5.58) and DBP 3.07 (2.65-3.88). on a chair so as to flex the hip and knee to right angles. Nutrient intakes were calculated per 24 h by The anthropometric, diet and lifestyle and clinical characteristics of subjects with and without hypercomputation of Indian food composition table 17 based on 7 days food intake record and weight of tension in North India in both sexes are given in Table 4 . The prevalence of hypertension in males as fruit, vegetable and legume intake.
well as in females was associated with greater age (F value: males 168.5, females 112.6, P Ͻ 0.01). In Statistical analysis both sexes, hypertension was associated with higher body weight, BMI, waist:hip ratio, lower energy Comparisons of risk factors in the different groups among patients with and without hypertension were expenditure during activity, dietary fat intake, sedentary lifestyle, family history of hypertension, performed using analysis of variance for numerical variables and 2 tests for ordinal variables. The sighigher and middle socioeconomic status and salt intake (Table 3) . Smoking was not associated with nificance of various risk factors was calculated by logistic regression analysis where the odds ratio and hypertension. Hypertension was associated with higher prevalence of T-wave changes, and Q-wave 95% confidence intervals were calculated using multivariate analysis. In this model, the presence of changes in both sexes compared to normotensive subjects. Left ventricular hypertrophy was signifihypertension (WHO/ISH criteria) was taken as a dependent variable, and age, smoking, physical cantly higher among male hypertensives compared to non-hypertensives (Table 5) . Multivariate logistic activity, BMI, energy expenditure, waist hip ratio, 20 However, in two studies from Delhi, hypertension was twice as prevalent in males compared to females. 21, 22 In earlregression analysis showed that regardless of sex ier studies published before 1980, reviewed by and age, BMI, waist:hip ratio and higher socioeconGupta et al 9 the prevalence rates of hypertension omic status were independent risk factors and were 1.7-3.6% in rural areas and 3.9-7.0% in urban showed a strong association with hypertension.
areas which are, on average, at least half the rates Energy expenditure during activity and dietary fat reported after 1990 in this and other studies. It is intake also showed a significant but weak indepossible that the prevalence rate of hypertension has pendent association with hypertension (Table 6) .
doubled in the last two decades possibly due to diet and lifestyle changes in both rural and urban popuDiscussion lations of India which is similar to other developing countries. 19, 23 Applying the WHO/ISH criteria 14 the prevalence The survey populations in developing countries rate of hypertension was 23.7% and by WHO criteria were often not representatives, however, rough con-13.3% (Table 1) . Subjects already taking antihyperclusions can still be drawn. 23 These studies showed tensive drug therapy (n = 50) were considered to that geographical differences in prevalence rates have definite hypertension (Ͼ160/95 mm Hg) irreswere related to economic situations of countries, pective of their BP. In western India (Jaipur city), 9 with the poorest having the lowest prevalence such the prevalence of hypertension was 30.5% (Ͼ140/90 as Bangladesh, Ethiopia, Nepal, rural populations of mm Hg) and 10.8% (Ͼ160/95mm Hg). In a South Indian urban population, the prevalence of hyperIndia and Tanzania. The prevalence of hyperten- Values are mean (standard deviation). 26 In North Indian subjects of this study, the DBP curves tend to remain *P Ͻ 0.05; **P Ͻ 0.01; P value significant.
flat after the fifth decade in both sexes. However, due to lack of affluence and aging, BP may not show sion, however, increases in developing countries such a pattern in an isolated population such as parallel to its affluence such as in India, China, tribes living in the hills. It seems that Indians in Chile, Egypt etc, which is 10-20%, and in some urbans areas have progressed from poverty to afflugroups of populations the prevalence is the same as ence to have a nutritional transition showing an agein developed countries. 24 The total number of hyperrelated increase in BP on the adoption of a lifestyle tensive persons have been estimated to be about 50 similar to industrialised countries. million in India, 15 million in Brazil and 2 million
In industrialised countries, low socioeconomic in Bangladesh. 23 In a recent multicentre study, the status as suggested by the low level of education, 8, 15 obesity, 26 alcohol 1 consumption and some compodefine safe limits for these risk factors for the prevention of cardiovascular disease in Indians. nent of diet such as fat 2 and protein are risk factors This cross-sectional survey in North Indians has of hypertension. In one study, higher BMI was the demonstrated a higher prevalence of hypertension strongest predictor of hypertension.
1 In our study, compared to other studies published from India but higher and middle socioeconomic status were strong lower than the prevalence rate in South India. predictors of hypertension (Table 4) . However, illitHigher and middle socioeconomic status, higher eracy was more commonly associated with non-BMI and central obesity were strong predictors of hypertensives. This finding is in contrast with obserhypertension in our study in both sexes. Higher dietvations made in developed countries which may be ary fat and salt intake and lower physical activity due to poverty and undernutrition which is comwere also associated with hypertension. Alcohol mon in Indians than in developed countries and in intake was weakly associated with hypertension in Southern India.
males. In North Indians, illiteracy, which is more In Trivandrum city, South India, the literacy rate common in low income groups in India was negais twice as high as that of Moradabad. It seems that tively associated with hypertension. Detailed longthe phenomenon of nutritional transition from povterm follow-up studies and comparison with other erty to affluence and development of chronic disIndians would be necessary to confirm the role of eases is not yet complete in Indians.
2 A similar these risk factors in the pathophysiology of hyperstatus was observed by Keys 28 and others 8 in the tension in Indians. 1950s in Europe and the United States. However, within a specific social class, educational status may be an important risk factor of cardiovascular disease
